To analyze treatment and survival in a series of resected patients with primary or recurrent retroperitoneal sarcoma (RPS) treated and prospectively followed at a single institution. Between July 1994 and December 2015, 89 patients (36 M, 53 F; mean age 60 years, range 25-79) were evaluated. For the purpose of analysis, complete resection was defined as removal of gross tumor with histologically confirmed clear resection margins. Eighty-three out of the 89 patients (93%), 46 of whom affected by primary RPS, and 37 by recurrent RPS, underwent surgical exploration. Sixty-two had a grossly and microscopically complete resection. Fifty-three out of 83 patients (64%) underwent removal of contiguous intra-abdominal organs. Preoperative mortality was nil and significant preoperative complications occurred in six cases only (7%). High-grade tumor pointed out to be a significant variable for a worse survival in all 83 patients amenable to undergo surgical resection (57% 5 years survival for low grade vs 14% for high grade; P = 0.0004). Among completely resected patients, only histologic grade clearly affected disease-free survival (72% 5 years survival for low grade vs 50% for high grade; P = 0.04), while the role of preoperative blood transfusions (67% 5 years survival for non-transfused patients vs 29% for transfused patients; P = 0.05) has to be evaluated in connection to patient complexity. Histological grade and recurrence are the most valuable prognostic predictors; in this clinical subset, an aggressive surgical approach in both primary and recurrent RPS is associated with a best long-term survival and disease-free survival.
Introduction
Retroperitoneal sarcoma (RPS) is a heterogeneous disease with about 1000 new cases reported annually in the USA alone [1] . Most are liposarcomas or, less frequently, leiomyosarcomas, and the only potential cure is complete resection with negative surgical margins [2, 3] . This remains technically difficult because of deep-seated location, multifocality, and necessity of multi-visceral resections [4] . The principal cause of failure is locally recurrent disease, [5] with debate concerning the value of adjuvant chemotherapy and/or radiotherapy [6] . Risk stratification is based upon the American Joint Committee on Cancer (AJCC) staging for soft tissue sarcomas (STS) of the extremity, where the main factors implicated in survival include the histologic tumor grade, the pathologic subtype, and the resection margins [7] . Given the small number of cases in many single-institution series, management nomograms have been developed for treatment and to predict survival rates [8, 9] .
Literature concerning management and outcomes of RPS should be viewed cautiously. In fact, multi-visceral resection in RPS has no comparable morbidity and mortality when contrasted with more complex resections for peripheral extremity STS. Moreover, en bloc resections trade off morbidity and mortality with lower recurrence rates when compared with simple excision of the mass, although this may not always translate into an improved survival [10] . Finally, reported survival rates reflect heterogeneity concerning histology, differentiation, surgical volume, and follow-up periods, with differential expertise and multidisciplinary approach towards patient management. In specialized centers, primary RPS resection rates may approach 90% [11] , secondary resection rates in recurrences 50% respectively [12] . Long-term survival rates following primary resection have been reported as between 50 and 66% [2, 11] and up to 40% in recurrent cases undergoing re-resection [13] .
Patients and Methods
We report our experience of 89 patients presenting with primary or recurrent RPS referred to the European Institute of Oncology in Milan over a 21-year period (1994-2015) , evaluating the principal prognostic factors.
Cases were identified by a computer-generated search of the institutional database, cross-checking separate pathology and clinical databases using the ICD-9 search code 158.0 for RPS, which identify both primary and recurrent disease [14] . Analysis included a total of 89 (36 males and 53 females) with an overall median age of 60 years (range 25-79 years). There were 46 presenting with primary RPS and 37 recurrent cases. Tumors were categorized by histology in accordance to WHO classification system for soft tissue tumors [15] with grade scored simply as either low or high (Table 1 ). All available pathologic slides were reviewed, and it was elected not to differentiate histologic subtypes of liposarcoma. Date of death was determined by review of the medical records and available death certificates.
For purposes of definition, primary RPS was considered as a lesion being either untreated or biopsied prior to definitive surgical therapy, while recurrent RPS cases presented clinical, radiological, and/or histopathological proof of tumor bearing the same histology as the primary one (although not of necessity, the same histological grade), either within or contiguous to the previously treated tumor bed. Records were analyzed to assess survival and response to therapy based on patient demographic data including gender, age, preoperative symptoms, and symptom duration along with other clinic and pathological features such as measured tumor size and principal tumor location. Analysis included presence of infiltration into adjacent organ(s), metastatic disease at presentation, extent of surgical resection, use of adjuvant radiotherapy and/or chemotherapy or neoadjuvant chemo-radiation, and the number of repeat operative procedures where appropriate.
All patients underwent a contrast-enhanced thoracicabdominopelvic CT scan with additional imaging (magnetic resonance (MR) imaging and FDG-PET scanning) where appropriate. Clinical post-surgical follow-up was conducted every 3 months for the first 2 years, then with radiological follow-up by thoracic-abdominopelvic CT and MRI (where appropriate) every 6 months or sooner considering symptomatology. Patients were censored until death or their last visit. Resection of recurrent disease and utilization of radiotherapy and/or chemotherapy for recurrent disease were separately evaluated.
Resection was regarded as Bcomplete^(R0) if all grossly visible tumor tissue had been removed with confirmation of histologically clear margins. BIncomplete^resections were recorded if there was partial removal with residual gross disease. Resections with grossly surgical clear margins were also deemed to be incomplete if margins were found to be histologically involved (R1). Such cases are different from palliative resections as the latter may have been performed in presence of significant symptoms, without a curative intent. Recurrence was defined Blocal^if located within the retroperitoneum or peritoneal cavity following a prior complete resection. Distant recurrence was defined where there were discrete visceral sites of metastatic spread. Operative mortality included any death within 30 days of surgery or within 6 months following surgery if directly related to surgical complications. Operative morbidity considered complications observed within 30 days of surgery or within 6 months following surgery if it was clearly related to any surgical procedure. Significant complications included wound infection and dehiscence, reactionary hemorrhage necessitating a repeat laparotomy, postoperative pneumonia, septicemia, (with positive blood culture), imaging identification of an intra-abdominal abscess, entero-cutaneous fistula, confirmed deep vein thrombosis, and/or pulmonary embolism. There was no uniform protocol for adjuvant radiotherapy but we generally mirrored the policy reported by Stojadinovic et al. [16] , where patients with close macroscopic resection margins underwent adjuvant radiation with a preference where feasible for brachytherapy (BT). Target area was defined after intraoperatively; then, afterload catheters were placed percutaneously at 1-1.5-cm intervals and sutured to the target region with fixation to the skin using small buttons. Single-plane implant was generally preferred, with localization films performed in the immediate postoperative period and computerized dosimetry calculation. Catheters were loaded with a pulse (PDR) source of 192 Iridium to provide a total dose of 10-15 Gy and dose rate of 0.5 Gy/h. In cases of anatomic preclusion to catheter placement, if adjuvant radiotherapy was deemed appropriate, external beam radiation therapy (EBRT) was utilized.
Statistical Analysis
Statistics were performed with SPSS software program (SPSS Inc., Chicago, IL, USA). Chi-squared test or Fisher's exact test was used for categorical variables where appropriate and the Kaplan-Meier method estimated survival from time of primary treatment to the date of the most recent follow-up examination or death. Differences between survival rates were compared using the log-rank test. P values < 0.05 were considered to be significant.
Results
All primary RPSs were symptomatic at presentation with a mean duration of symptoms of 12 months (range 3-24 months). The commonest symptoms were abdominal pain (13 patients) and abdominal mass (23 patients). All patients underwent abdominal ultrasonography; CT scan was performed in 72 patients (81%), with subsequent MR imaging performed in 14 patients (16%) and with all patients undergoing a preoperative tumor biopsy. Intraoperative biopsy with frozen section was only utilized in accordance with the recommendations of Hajdu et al. [15] in cases deemed not resectable or in rare circumstances where a distinction from lymphoma was required. Eighty-three out of the 89 patients (93%) underwent resection (46 with primary RPS vs 37 with recurrent RPS). Six patients with recurrent disease were not operated surgery either by virtue of widespread metastatic disease or poor general condition at the time of presentation; all of them died within 15 months of presentation.
Median time between primary surgical resection and presentation to visit in the 37 recurrent patients was 36 months (range 4-208 months). Six patients (7%) underwent surgery for a second recurrence, two patients (2%) for a third and a fourth ones, and three patients (4%) experienced a fifth presentation, two of whom being resected with curative intent. Tumors occupied the upper abdominal compartments in 29 patients (35%), the central mid-abdomen in 42 patients (51%), and the lower abdomen and pelvis in 12 cases (14%). Pathologic tumor size was < 10 cm in maximal diameter in 15/83 cases (18%), 10-20 cm in maximal diameter in 31/83 (37%), and > 20 cm in maximal diameter in 37/83 cases (45%). Histologic examination revealed that overall, 45/83 patients (54%) had high-grade tumors (24/46 or 52% of primary RPS cases vs 24/37 or 65% of recurrent RPS cases; P = 0.24).
In the entire cohort, 33 patients were transfused, with median 2000 mL of packed red blood cells (range 1000-7500 mL). Among resected patients, 18/46 (39%) with primary disease and 13/37 (35%) with recurrence received transfusion (P = 0.71), with no difference in blood requirement between low-grade and high-grade sarcomas (15/44 or 34% vs 17/39 or 44%, respectively; P = 0.37). Among the 62 patients undergoing complete resections, 11/29 (38%) with low-grade disease and 16/33 (48%) with high-grade disease were transfused (P = 0.40).
Resection with curative intent involved 62/83 cases (74%), while 16 patients underwent gross resection with the suspect of microscopically infiltrated margins (R1) or macroscopically disease remnant (R2). There were also five patients (all belonging to the recurrence group) deliberately treated with palliative resections after presenting with small or large bowel obstruction. Among this latter group, two patients had received ifosfamide chemotherapy but died from disease at 34 and 24 months from the time of diagnosis, respectively. The other three patients received external beam radiotherapy (EBRT) as adjuvant treatment, each dying at 24, 12, and 7 months respectively from the diagnosis. Among primary RPS patients resected for cure, 42 (91%) had histologically negative margins. Eight recurrent cases resected with curative intent presented histologically infiltrated margins, with a complete resection rate of 86% (71/83).
Fifty-three patients (64%) underwent removal of contiguous intra-abdominal organs (Table 2) including 31/46 (67%) with primary and 22/37 (59%) with recurrent disease. Four patients required extensive removal of either anterior or posterior abdominal wall. Of the total group with contiguous resections, 20 (38%) showed histologic infiltration of the resected organ.
In the entire cohort, there was one preoperative death in a patient with multiple preoperative comorbidities that undergone surgery for an angiosarcoma. An early postoperative hemoperitoneum was developed, needing repeat laparotomy with management as an open laparostomy; the patient died on the 23rd postoperative day from septic shock and multi-organ failure.
Significant postoperative complications occurred in 20 patients (24%), 17 of which involving those undergoing multivisceral resections (Table 2) . Although complicated patients were few, likelihood of a significant preoperative complication increased if blood transfusion was required (17/33 patients (52%) transfused vs 4/50 (8%) non-transfused; P < 0.01).
Overall 5-year survival rate regardless of the histologic resection margins was 51% (95% CI 41-63%). There was no effect played by gender, age, preoperative symptoms, symptom duration, tumor size, or location. Only presence of a high-grade tumor significantly predicted a worse overall survival in all 83 resected patients (low-grade overall 5-year survival 57% vs high-grade overall 5-year survival 14%; P = 0.0004; Fig. 1 ). Following complete resection, 5-year overall survival rate was 63% compared with 17% for incomplete resection (P = 0.003; Fig. 2 ). Absence of recurrence following complete resection predicted a significantly better 5-year overall survival (100%) than those who experienced recurrent disease (26%; P = 0.003).
A peculiar relation linked disease-free survival and blood transfusions in patients that undergone complete resection (59% 5-year disease-free survival in non-transfused patients vs 30% 5-year disease-free survival for transfused patients; P = 0.05).
Histologic grade proved to be a significant predictor in disease-free survival (DFS, 62% 5-year DFS for low-grade tumors vs 50% 5-year DFS for high-grade tumors; P = 0.04, Fig. 3) . Five-year DFS in R0 cases was 58% (95% CI 46-73%) and was 68% for primary RPS and 37% for recurrent cases.
Histologic subtype also proved to be predictive: all diseases with a histology different from liposarcoma (angiosarcoma, leiomyosarcoma, fibrosarcoma, synovial sarcoma) relapsed within 10 months to 5 years after surgery, while, among liposarcomas, the different was played by histologic grade.
Fourteen patients received postoperative EBRT (39-54 Gy); 15 patients, EBRT plus multidrug chemotherapy (ifosfamide with or without either adriamycin or epirubicin); and 12, multidrug chemotherapy alone. Seven patients received brachytherapy (10-15 Gy), five of whom in combination with EBRT. Total received dose was 45-54 Gy. The use of adjuvant radiotherapy or chemotherapy in such small numbers had no impact on overall or disease-free cancer-specific survival. Among the 44 patients receiving chemotherapy, radiotherapy, or both, 7 remained alive at 7 years of follow-up.
Discussion
Seventy-four percent of patients underwent surgery with curative intent, with a 91% incidence of R0 resections. There was a greater likelihood of R0 resection in primary than recurrent cases. Most patients undergoing surgery required extirpation of contiguous structures with two-thirds of them showing histologically clear resection margins. Likelihood of preoperative complications was increased in presence of multi-visceral resections.
High histologic grade predicted a worse cancer-specific survival, while there was prognostic advantage in patients that undergone complete resections and in cases which did not relapse over follow-up.
Impact of transfusion on survival has to be carefully evaluated: transfusion acts more likely as the consequence of complex morbidity subset than a survival predictor and involves patients in worse clinical condition, with a worse prognosis itself.
No effect was noted in either overall or disease-free survival between resections performed for primary or recurrent RPS, provided that there was no further recurrence.
Retroperitoneal space is the second commonest site for malignant mesenchymal tumors, with up to two-thirds of cases proving malignant and one-third being classified as sarcomas. As in other reports, our cases were largely comprised of liposarcomas [17] with nearly half being massive (> 20 cm in maximal diameter) in size. Half the cases were high grade in type without any difference noted in between the primary and recurrent tumors. Other studies reported that the majority of cases tend to be of low or intermediate grade [3, 13] .
Although histological grade was the principal independent variable affecting overall and disease-free survival, as described in many studies [18] , still there is currently no consensus concerning standardization and reporting for RPS management. The clinical effect of grade in RPS management is conditional upon histological subtype, reflecting a presumptive predictability of clinical behavior. Lower grade liposarcomas tend to show greater propensity towards local as opposed to distant tumor recurrence, provided they are not pleomorphic [19] . Given these specific findings, survival impact of tumor differentiation may suggest a strong link between greater tumor dedifferentiation and multi-visceral resections, this one having a greater risk of histological margin involvement themselves [20] .
In our cohort, all non-liposarcoma-like histologic types showed early recurrence. The specific role played by histologic subtype deserves further investigation, being nonliposarcoma cases less frequent than liposarcomas.
The finding that an incomplete resection compromises cancer-specific survival has previously been reported [17] with pooled data from the Johns Hopkins University School of Medicine and the Anderson Cancer Center-Houston combining 2456 patients and showing that the single most important survival factor is the completeness of resection [7] . As in our study, average life expectancy in incomplete resection is comparatively poor. By contrast, deliberate palliative resection may in selected cases prove beneficial [21] . We also showed that proper multi-visceral resection can prove beneficial although associated with a greater likelihood of margin involvement. No difference was found in the need for multivisceral resection between primary or recurrent RPS cases.
Even following macroscopically complete resection, local recurrence may occur in 25-75% cases, being the principal cause of cancer-related death. The role of adjuvant radiotherapy is not established although most units advocate its use in cases where there is margin involvement as well as in large tumors undergoing resection with curative intent. Several retrospective, single-institution studies have shown survival advantage for postoperative radiotherapy after tumor resection over resection alone [22] [23] [24] [25] . The American College Surgical Oncology Group (ACOSOG) initiated the phase III randomized, controlled Z9031 trial in order to examine the effect of preoperative radiotherapy combined with R0 resection surgery over surgery alone; however, this trial was closed prematurely because of poor patient accrual. It has been replaced by the current EORTC 62092-22092 (STRASS) trial designed to examine any radio-therapeutic benefit in RPS. As outcomes of this trial are awaited, in lieu of this data, a recent retrospective analysis of the National Cancer Database by Nussbaum et al. [22] of preoperative and postoperative radiotherapy compared with surgery alone showed significant survival advantage for both techniques. Reduction of radiation dose (to 45-54 Gy) with a normal tissue displacement characteristic would currently favor preoperative radiation followed by an R0 resection for the highest chance of success, permitting safer delivery of multimodal therapy. Selective impact of alternative new radiation modalities needs to be determined. These include dose escalation and selective integrative boosts for Bat riskm argin cases so as to deliver higher doses (> 60 Gy), highly conformal techniques such as intensity-modulated radiotherapy (IMRT) and particle beam (proton) therapy. Proton beam therapy will allow better distribution to irregularly shaped target volumes and provide a better dose tailoring per case sparing normal tissues [23] . Any improvement in survival with these approaches is more likely to be noted, however, in recurrence-free rather than overall survival [24] .
Redoing RPS surgery is particularly challenging, but may be associated with long-term survival. R0 resection rates in recurrences are inferior to rates obtained in primary cases, more frequently requiring the need for multi-visceral resections. However, there appears to be clinical benefit and longterm survival of repeat even third (and beyond) re-resections in selected cases [12, 25] . Although patients frequently die from disease, the primary site of failure still remains the local one, particularly in high-grade cases. Consequently, disease biology needs to be taken into account. In repeated Fig. 3 Disease-free survival with respect to low (dots) or high (dashes) histological grade Fig. 2 Survival of the entire population with respect to radicality of resection. A radical or complete resection means a macroscopically and microscopically (R0) resection recurrences, in fact, disease-free interval, as well as the rate of progression, may influence the indication for further aggressive ablative surgery in particular histologic cases [26] .
The majority of local recurrence occurs within the first 2-3 years of follow-up; however, recurrence after 10-15 years has also been reported [27] . Our finding of similar survival between primarily resected RPS and repeat resection cases has been previously reported [28] . Among recurrences, prognostic factors really affecting ultimate survival remain controversial. In this regard, Grobmeyer et al. [24] found no association between overall survival after repeat resection and tumor size, patient age, primary histology, or tumor multifocality. Other groups (including ours) have, however, reported that multifocality, principal histology, blood loss during resection, tumor growth rate, and disease-free are important in survival of recurrent cases [4, 29] . In general, second and third recurrences tend to occur at progressively shorter intervals with reduced ability to achieve complete resections.
Notwithstanding the small numbers in some subgroups, the retrospective nature, and a non-uniform policy towards the use of adjuvant therapies, our study shows advantage in repeated resection of recurrent RPS cases where there is an aggressive surgical policy. This effect is seen regardless of whether the patient has a primary or a recurrent RPS tumor.
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